ABSTRACT Few studies have explored diagnosis delay by tuberculosis (TB) patients and its effects on the rate of infection among their close contacts. A cross-sectional study of the close contacts of 505 newly diagnosed TB patients was conducted in a TB referral centre in Sana'a, Yemen from 2008 to 2010. Only the close contacts of 89 new TB patients agreed to participate and completed the tuberculin skin test (TST). Of the 239 close contacts investigated, 133 (55.6%) had a positive TST result. Index patients were classified as long or short diagnosis delay (above or below the median). There was no significant difference in the number of infected close contacts between long and short delay index patients (Mann-Whitney U-test). A larger sample size, with more incentives for patients to participate and the use of other investigative tools could provide a better picture of the pattern of TB transmission among all contacts. 
Introduction
Tuberculosis (TB) is a major public health problem in Yemen and is considered the 4th highest cause of death in the country [1] . Because almost 85% of TB cases occur in the productive age groups, the burden of TB is therefore also a socioeconomic concern [2] . The annual prevalence of infection in the total population according to a report in 2005 was 136 per 100 000, with an annual incidence of new cases of 82 per 100 000 [3] . Contact investigationthe identification and follow-up of individuals who could be at risk for TB infection due to their exposure to active TB cases-is considered an important factor in fighting and controlling the spread of TB [4] .
TB patients have been characterized as short or long diagnostic delay, according to the time delay between becoming infected and receiving diagnosis and treatment [5] . Long delays potentially exacerbate the risk of TB transmission to others. Reducing the delay in TB diagnosis is therefore a major challenge that confronts many national TB control programmes (NTP) around the world. Similar to other countries with TB cases, the diagnostic delay of the disease in Yemen increases its overall morbidity and mortality because patients serve as reservoirs of the disease and this raises the risk of contacts of TB patients becoming infected [6] . This phenomenon is a serious problem that could hamper the control of TB as well as the success of the NTP in Yemen [7] .
Although studies have been made of factors affecting delays in TB diagnosis and treatment [8] [9] [10] there has been little research to explore how diagnostic delay affects TB transmission to close contacts. To our knowledge, only 2 previous studies to date have been conducted to determine the effect of diagnostic delay on TB transmission among patients' contacts. Golub at al.'s study in the United States of America (USA), found a significant association between a long diagnostic delay and higher rates of TB transmission among contacts of black USA-born patients [11] . MacIntyre et al.'s study in Australia found a significant association between the workers in close proximity to a delayed source of infection (during the exposure period) and an increased risk of infection [12] . This important strand of TB prevention efforts should be a major concern of the NTPs in all countries. Understanding TB transmission among contacts could help in reducing new cases of TB infection. This study in Sana'a, Yemen was therefore performed to assess the effect of delay in TB diagnosis on the rate of disease among the close contacts of long and short diagnosis delay TB patients.
Methods

Study design and setting
This cross-sectional study compared the rate of infection among close contacts of new TB index cases with long and short diagnosis delay times. Data were collected using an interview questionnaire for index patients and tuberculin skin tests (TST) for patients' close contacts.
The study was conducted at a TB referral centre at Sana'a, the capital of Yemen. Sana'a has an estimated population of 1.7 million [3] . Patients from other Yemeni cities also use the services of the centre, so patients in this study included TB patients from the entire country.
Study population and sample
The close contacts of newly diagnosed TB patients from the Yemen NTP were the main population of this study. The required sample size was calculated to be 234 TB patients in each of the long and short diagnosis delay patient groups based on a sample size equation [13] . However, sampling was continued for up to 505 new smear-positive TB patients to cover the required sample size with consideration of probable drop-outs. Thus, 505 new TB patients were recruited for the study over the period June 2008 to March 2010.
Data collection
Interviews
The questionnaire was designed according to a review of the literature [14, 15] . Information collected included demographic data of the index patient and the time in days between the onset of TB symptoms and time of starting TB treatment. All new pulmonary TB patients who agreed to participate in this study were interviewed by the researcher or by well-trained health-care providers. Each of the 505 participating patients was asked to bring his/her close contacts for TST to determine which of the close contacts were infected with TB [15] .
Tuberculin screening tests
Each close contact brought to the centre underwent a TST. The TST was performed intradermally through injection of 0.1 mL of the tuberculin solution on the left forearm of each of the attending contact of the TB patient. The test was performed according to standard procedures [16] . First, the skin was stretched lightly, and a needlepoint was inserted lengthwise into the superficial layer of the skin of the forearm. Next, 0.1 mL of the tuberculin was slowly injected, and the finger was removed from the end of the plunger before the needle was withdrawn [17] . The tuberculin solution used in the TB referral centre was the same product recommended by the World Health Organization. The results of the TST were read 48 to 72 hours after the test was administered by the same investigator according to standard operating procedure [17] . This procedure relies on observation of the induration (swelling with redness in skin tested area) around the area of the test injection. The indurated
area was detected by palpating the skin. For positive results, the diameter of the induration area must be greater than 15 mm [18, 19] . Participants who were subjected to the TST for the first time should be subjected to the same test 2 months after their initial testing in order to confirm the TST results and to determine those whose results changed from negative to positive within those 2 months [11, 12, 20] .
Definitions
All verified new pulmonary TB cases who were diagnosed in the TB referral centre and who participated in the interview for this study were included and considered as index cases [11, 12, 16] .
The close contacts of the index patients were persons who lived with them in the same house/room on a daily basis and spent most of the day with the patient, or people who worked with or had close contact with the patient for a certain period [21] .
The diagnosis time for every TB index patient was recorded as the total number of days between the onset of TB symptoms and the time of diagnosis and starting TB treatment. The median diagnosis delay was calculated for the total group of index patients and used as the cut-off for defining groups. Each patient was classified as long delay (above the median) or short delay (below the median) [22, 23] .
Ethical considerations
The study protocol was approved by the scientific and ethics board of the Ministry of Health and the referral TB centre. In addition, informed consent was obtained from every available participating close contact (verbal consent) or his/her close relative.
Data management and analysis
The data were coded and transferred to SPSS, version 16 for analysis. Descriptive measures [percentages, mean and standard deviation (SD) and median and interquartile range (IQR)] were used to show the mean differences for the infected close contacts of the long and short delay TB patients. The Mann-Whitney test was performed to determine whether there were statistical differences between the rates (using number of positive contacts) of positive TST results for short-and long-delay TB patients. The test was also performed by using the proportion of TST-positive close contacts instead of the number of positive close contacts. This confirmatory test was performed due to the unequal number of the close contacts for every TB patient.
Results
The median total delay of TB diagnosis was 60 days (IQR 30 -90). Of the 505 new smear-positive TB patients recruited for the study 241 had short delays (< 60 days) and 264 had long delays (≥ 60 days).
Only 89 of the 505 new TB patients had close contacts who agreed to participate in this investigation and took the TST. The total number of close contacts recruited by these index patients was 266 [129 (48%) females and 137 (62%) males]. For the analysis 27 close contacts (10%) were recorded as missing data due to their refusal to return for the interpretation of the test results 72 hours after the TST was administered.
Of the 239 close contacts analysed, 133 (55.6%) had a positive TST result and 106 (44.4%) had a negative result (Table 1) . Only 53 of these close contacts were children aged < 10 years old, and 15 of them had positive TST results. Although several of the close contacts agreed to return for a follow-up TST, only 18 returned and were given the TST for the 2nd time. The positive results obtained in the 1st test were all confirmed in the 2nd test.
The median number of TST-positive close contacts of the long delay group was 2 (IQR 1-2) whereas for the close contacts of the short delay group it was 1 (range IQR 0.5-2) ( Table 2 ). The mean number of TST-positive close contacts was 2.1 (2.0) for the long delay group and 1.4 (1.1) for the short delay group. However, the difference in the number of TST-positive close contacts was not statistically significant between the groups (P > 0.05, Mann-Whitney U-test).
The data were also analysed by comparing the proportion of close contacts of long delay patients who had positive TST results with those of contacts of short delay patients. This analysis also showed no significant difference between groups (P > 0.05, Mann-Whitney U-test) ( Table 3) .
Discussion
Generally speaking, TB can easily be transmitted from the source patient to those people who come into contact with the source for a certain period [24] . Coughing, sneezing, talking, and even singing can transmit many TB bacilli to people with whom a TB patient comes into contact [25] . In the present study, TB infection was determined through conducting a TST on the close contacts of TB patients and the effect of delay in diagnosis of the index patient and the rate of TB infection among close contacts was analysed.
Most of the close contacts who agreed to participate in the investigation did not live very far from the TB referral centre. Those who did not participate were unwilling to participate due to other commitments (e.g. studying, domestic duties, employment) and unwillingness to undergo the test, among other reasons. Many non-participants also lived far from the centre and did not participate in the study due to financial constraints on travelling. Unfortunately, financial assistance for people to attend the centre was unavailable from the TB control organization. The study recommends that future investigations should involve local and international organizations in order to obtain more support, financial or otherwise, which in turn could enhance TB notifications and control efforts.
According to previous studies, an increase in transmission of TB among contacts due to a long delay in TB diagnosis is considered an expected consequence of the delay [15, 26, 27] . The present study investigated whether a delay in TB diagnosis increased the number of infected close contacts. Although the median number of positive TST among close contacts of long delay diagnosis TB patients was twice as high as among short delay TB patients (2 versus 1), the difference was not statistically significant based on the Mann-Whitney test. Similarly, comparing the proportions of positive TST close contacts of long and short delay patients also showed no significant difference. Thus long delay diagnosis of the patients did not lead to a significant increase in the number of positive TST among their close contacts. Only close contacts of 89 out of 505 index patients participated in the testing, mostly those who lived near the clinic, and this could be the cause of the non-significant association.
The findings of the present study were inconsistent with those of Golub et al., who found a significantly higher number of positive TST contacts of the long delay TB patients [12] . The difference might be due to differences in the sample size and in the nature of the participating close contacts. In addition, Golub et al. compared different groups of people, that is, the close contacts of long delay and short delay patients who were born inside and outside the USA. Their study also found a significant association between long delay diagnosis in black patients born in the USA and a higher rate of TB transmission to their close contacts, but did not find the same association with the close contacts of long delay black TB patients born outside the USA [12] (Table 4) . Their in-depth investigation on certain groups of people as well as the difference in objectives could have contributed to the difference in their findings and those of the present study. In Australia, MacIntyre et al. found an association between delay and higher rates of TB infection of close contacts of office workers (OR = 4.24; 95% CI: 1.06-19.6) ( Table 4 ) [11] . This finding was also inconsistent with that of the present study. The difference between the previous studies [11, 12] and the present study could be due to the fact that in our study few of the identified close contacts of index patients participated and took the TST. In addition, the number of close contacts who returned for the second TST (which could have provided a different outcome in this investigation) was very low. Furthermore, some close contacts did not even return for the interpretation of the first round of TST, which could have also contributed to the inconsistency of the current findings with those of the 2 previous studies mentioned earlier. Limited resources and financial incentives for participants to return hindered some of the close contacts of the TB patients in this study from participating in the investigation. Unfortunately, only a few studies have conducted similar investigations, so further reasons for the differences cannot be determined. An in-depth investigation with the use of other tools in addition to that used in the present study should be conducted with sufficient financial support in order to provide potential assistance to local TB control and prevention campaigns. This study did not receive any financial support nor was it involved with any organizations with financial interests. Limited resources meant that the study was conducted in only one area of the country and may have contributed to the low rate of participation, and this limits the generalizability of the findings to other areas (states) in Yemen.
Conclusion and recommendations
No significant difference was found in the rate of TB infection among the close contacts of the long delay and short delay TB patients. A larger sample size and the use of other supporting investigative tools could provide a comprehensive picture of the pattern of TB transmission among all contacts. Further extensive studies with sufficient financial support are recommended in order to obtain a general perspective on the problem of TB transmission throughout Yemen. 
